Summary -This study evaluated the effects of intake of a mixed diet on chewing activity during eating and rumination and the relationship between the chewing activity and the particle size of the ruminated boli, ruminal digesta fractions and faeces in steers. Six ruminally cannulated steers received a mixed forage/concentrate diet (68:32, dry matter basis). The diet was offered twice daily at approximately 1, 1.5 and 2 times the estimated maintenance energy requirements (low, medium and high intake, respectively) in a repeated 3 x 3 Latin square design. The rumens were emptied manually and samples of the ruminated boli and of the ruminal upper strata were collected at four different times throughout the day. The dry matter weight distribution of the total amount of recovered particles was determined by a wet-sieving procedure. Numerically, the effect of intake on the mean particle sizes of the different materials was small. However, the mean particle size was reduced by almost nine tenths from their size at intake of the mixed diet (4.78 mm) to defecation (0.51 mm). The total number of minutes chewing and eating and ruminating increased as the intake level increased. When related to 1 kg of dry matter intake, only the eating and chewing times were significantly longer for the high as compared to the medium intake. Rumination patterns were examined using a cosinor model. Data indicated that the average amount of time spent ruminating also increased as the intake level increased. The overall pattern of rumination was not impaired by higher intake levels. The amount of large (> 4 mm) particles that escaped per minute of rumination time between 3 and 7.5 h postfeeding was similar for all the intake levels. It was concluded that an active breakdown process occurred in the rumen which could cope with the higher intake levels of the mixed diet over the range of I to 2 times the maintenance energy requirement level. 
. Reduction in the size of consumed forage particles must occur before they can pass through the reticulo-omasal orifice (Welch, 1982) .
Digesta particle size can be reduced by chewing during eating and rumination and by microbial action or detrition (McLeod and Minson, 1988) . Microbial digestion decreases the dry matter (DM) contents of the ruminal digesta but has little effect on particle size reduction (Welch, 1982) including large particle breakdown (Ulyatt et al, 1986 ). It does, however, facilitate particle breakdown by weakening the cell-wall structures (Wilson et al, 1989a, b) . These findings show that chewing during eating and rumination are the major factors contributing to particle size reduction, and thus chewing efficiency is an important factor influencing the voluntary intake of forages.
Several authors have examined the relationship between intake and chewing activities (Welch and Smith, 1970; Balch, 1971; Sudweeks et al 1980; De Boever et al, 1993a, b) , but only a few studies have investigated the quantitative relationships between ingestive and ruminative mastication and breakdown of large forage particles in the rumen at different intake levels (Luginbuhl et al, 1989a) . The present study examined the effects of intake level of a mixed diet on chewing during eating and rumination and the relationships between chewing activities and the particle sizes of ruminated boli, ruminal digesta fractions and faeces in a group of steers. A preliminary report including parts of the study has been published previously (Kovdcs et al, 1996) .
MATERIALS AND METHODS
Details concerning the animals and diets and the experimental design have been previously described (Kovdcs et al, 1997 (Robinson et al, 1987 (Lehner, 1979) . It was assumed that the eating or ruminating activity observed at 5-min intervals occurred for the entire 5 min preceding the observation. Rumination after 10 min of other activity was considered a separate period of rumination. Chewing activities were expressed as time per kilogram of DM intake and denoted eating index (EI), ruminating index (RI) and total chewing index (CI) (De Boever et al, 1993b) .
Analytical procedures
The analytical methods for proximate constituents and detergent fibre fractions of the feedstuffs have been described previously (Kovdcs et al, 1997) . Dry matter weight distribution of the total recovered particles of the mixed diet, ruminated boli, ruminal digesta fractions and faeces was determined by a wet-sieving procedure (Kovdcs et al, 1997) and used to partition each material among percentages of large (> 4.0 mm), medium (< 4.0 mm and >-1.0 mm), and small (< 1.0 mm and 0.063 mm) particles. The mean particle size, derived from the sieving data, was estimated by fitting the percentage of cumulative weight (DM) oversize from each sieve to an exponential model (Fisher et al, 1988) using the non-linear model procedure of SAS (1988 where Y ïklm is the observed response; M is the overall mean; P i is the effect of period i, i = 1-3; A. is the random effect of animal j, j = 1-6; I k is the effect of intake level k, k = 1-3; TI, is the For each response variable, a total of 72 (six steers x three intake levels x two time intervals x two times postfeeding) observations was obtained.
The covariance structure of the repeated measurement factors (time of day and time postfeeding) was tested with types; Simple, Toeplitz and Unstructured (SAS, 1992) . Because of differences in the variance structure of the particle fractions at 3 and 7.5 h postfeeding, the Unstructured type with one band was used for evaluating the data of particle size distribution of ruminated boli and ruminal digesta fractions.
For the examination of chewing patterns and the amount of large particles escaping from the rumen between 3 and 7.5 h postfeeding, the model was as follows:
Food and faecal particle size data were analysed using the model: Treatment (Woodford and Murphy, 1988) , was not affected by intake level.
As intake level increased, the amount of large particle DM that escaped from the rumen was higher and the steers ruminated longer between 3 and 7.5 h postfeeding ( fig  2) . The quantity of large particles that escaped from the rumen per minute of rumination, however, was not affected by intake level.
DISCUSSION
Among the different intake levels, numerical differences in the mean particle size of the ruminated boli, ruminal mat and BL, and of RUS and faeces were small. The mean particle size differed largely, however, between the different sampling sites, indicating that active particle breakdown processes occurred at all intake levels. Based on mean faecal particle size as a measure of the mean size of particles that can escape the reticulum (Ulyatt et al, 1986) , we could conclude that, on average, particles of the mixed diet had been broken down to almost one tenth of their original size.
The mean size of RUS particles, the ruminal digesta fraction representing the least degraded particles in the rumen, was only half that of the mixed diet. The magnitude of this difference points to a marked effect of the initial chewing on large particle breakdown. In sheep fed chopped ryegrass hay, Faichney et al (1989) found that chewing during eating accounted for 9.8% of the comminution of dietary particles between the mouth and the pylorus. It was expected that, after 20 chewing movements, the mean particle size of the ruminated boli was smaller than that of RUS. Luginbuhl et al (1989b) indicated that a portion of the regurgitated boli was selected from the upper region of the rumen. The values for the mean particle size of these two materials, however, were similar. Compared with RUS, the particles of ruminated boli could have undergone alterations in their physical and chemical properties that are not reflected by the size distribution. Part of the fermentation gas may be removed by rumination and the anatomical structure of the forage particles can be changed through rumination. These combined actions may then increase the (functional) specific gravity of particles of ruminated boli without causing concomitant changes in the particle size. They may also increase the probability of passage out of the rumen.
A comparison of the mean particle size of ruminal digesta materials, ie, RUS, mat and BL, illustrated the stratification of the ruminal contents and the enrichment of large undigested ruminal digesta particles in the RUS. Also, these data supported the hypothesis that ruminal BL are a starting pool for digesta passage from the reticulo-rumen (Kovdcs et al, 1997) , although the mean size of BL particles was three times that of the faecal particles and careful digesta collection from the ventral reticulum is required to clarify this (Shaver et al, 1988) . De Boever et al (1990) (1994) reported that the NDF content was closely related to chewing time. Because the NDF content of the mixed diet was constant across all the intake levels, we only evaluated EI, RI and CI. The increase in EI with the higher intake levels has already been observed in cattle fed forages (Freer et al, 1962; Bae et al, 1981) . Freer et al (1962) assumed that the faster eating rate at lower intake levels was probably associated with the smaller digesta load of the reticulorumen. At the high intake level, the steers had 112 min/day of eating activity as compared to only 41 min/day at the low intake level. Faverdin (1985) (Shaver et al, 1988) , which may also increase the size of particles leaving the reticulum (Van Soest, 1994) .
The threshold size of particles for passage out of the rumen was reported to range from 1 to 4 mm (Poppi et al, 1980; Grenet, 1984; Shaver et al, 1988; Ulyatt et al, 1986 (Welch, 1982; Bosch, 1991) . This finding indicates that for regimens, whose intake level is at the low end of requirements for mature steers, other factors than physical structure control feed intake.
